Abstract. The sustainable development degree of regional tourism industry responding to the low-carbon economy reflects the comprehensive ability of the scientific development of regional tourism industry. Based on the factors influencing the sustainable development degree of regional tourism industry, in the principle of low-carbon economy, the evaluation index system was established using the literature and experts consultation methods. The system consisted of four parts including tourism resource system, environment supporting system, tourism economic system, and facility supporting system. Meanwhile, the hierarchical accumulation from bottom to top was utilized to evaluate the sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan, China. The evaluation results demonstrated that the overall development degree of tourism industry responding to the low-carbon economy in western Hunan was 0.596 in 2012, which belonged to the medium level of sustainable development. The sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan during 2001-2012 exhibited a rising tendency at a slow growth speed. This period belongs to the transitional period on the whole and is characterized by unbalanced regional development.
I Introduction
The sustainable development degree of regional tourism industry refers to the degree of the tension for regional tourism industry to maintain sustainable development under the support of resource and environment. Under the circumstance of low-carbon economy, the scientific utilization of resources and the treatment of wastes with high efficiency are required for the sustainable development of regional tourism industry. It can reduce the disturbance of the development of regional tourism industry on the environment, and then realize the coordination with nature, society, and economy.
Studies on the sustainable development of tourism industry have mainly focused on the index system and the evaluation method since 1980s. World Travel and Tourism Council (WTTC), World Tourism Organization (WTO) and Earth Council (EC) have formulated the detailed program of action of sustainable development for government departments, national tourism management institutions, relevant industry organizations and tourism companies responsible for tourism. Meanwhile, these programs of action are applied as the evaluation indexes to evaluate the practical effects of the sustainable development of organizations. Stephen L. J Smith established the index system of sustainable development of national and regional tourism industry [1] . Martin Mowforth and Lan Munt constructed a set of evaluation index system of the sustainable development of tourism industry [2] . The indexes contained in this system include resource utilization, local output, satisfaction of the basic needs of human beings, facility utilization, decision process, and ecological and cultural diversity. Liangjian Wang (2001) utilized the comprehensive evaluation method to discuss and investigate the sustainable development of tourism industry in Zhangjiajie [3] . Zhi evaluated the sustainable development of tourism industry in Hebei province using the entropy weight and analytic hierarchy process (AHP) [4] . Shanmao Tang and Zhang Ruimei (2006), Li Tian (2007), and Feng Zhong (2007) assessed the sustainable development of tourism industry in Guangxi province, Yunnan province and Chongyang county of Hubei province respectively using AHP [5] .
With the intensified global carbon emission and aggravated climate, the concept of low-carbon economy has shown profound influence on all aspects and links of tourism industry. The sustainable development degree of regional tourism industry in the principle of low-carbon economy reflects the comprehensive ability of the scientific development of regional tourism industry.
II Methodology

A. The evaluation index system
The main influencing factors of the sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan include tourism resource, environment supporting, tourism economic and facility supporting systems. The factors or attributes contained in tourism resource system include abundance and scale, characteristics, appropriate tour period, exploitability of tourism resource and so on. Environment supporting system consists of the social and economic environment system and the natural environment system. The former covers the number, participation degree, education level, public security, economic income of tourism communities and so forth, while the latter includes the foundation, protection, destructive factors of ecological environment, etc. Tourism economic system contains the scales of tourism economy and tourism market, consumption potentiality and marketing effort of market, policy, innovation support systems and so on. Support system is comprised of the transportation, location, tourism reception support systems, etc. An evaluation index system of sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan was established in the research using the literature and experts consultation method ( Table 1 ). The establishment was based on the principles of scientificity, comprehensiveness and operability by taking factors influencing the sustainable development degree of regional tourism into account.
The weights of each index were calculated by combining the Delphi method and AHP. The data of tourism income and GDP were taken from China Statistical Yearbook (2002~2013), Statistical Yearbook of Hunan Province (2002~2013), Statistical Bulletin on National Economy and Society Development (2002~2013). Some data were calculated using the data coming from the Statistical Yearbook, Statistical Bulletin for National Economy and Society Development, forestry bureau, environmental protection agency and weather bureau. These data included tourism income, the number of tourists, reception scale of accommodation and catering, unit carbon emission and pollution level of tourism income. Meanwhile, the decoupling coefficient between the tourism economic development and the carbon emission, forest coverage rate, air quality, education level, appropriate tour period, and intensity of environment management were computed using the above data as well. Additionally, the scale and abundance of resource, characteristics and taste, popularity and scarcity of resource, policy support degree, the innovation and application level of low-carbon technology, and environmental awareness were determined using the expert evaluation method. 
B. The construction of the evaluation model
The index system above was divided into three hierarchies including target hierarchy, system hierarchy and factor hierarchy. The hierarchically accumulation from bottom to top was adopted to calculate the sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan. That is to say, the sustainable development degrees of the four subsystems including tourism resource system, environment supporting system, tourism economic system and facility supporting system were calculated firstly. Afterwards, the sustainable development degree of the target hierarchy was evaluated.
1) Evaluation of the comprehensive indexes of the four subsystems. After determining the comprehensive importance or the weight of each single index on its upper hierarchy, the importance of each single index to the hierarchy that it lies in was evaluated. Afterwards, linear weighting was performed on the index data of the four subsystems respectively to obtain their corresponding comprehensive index values. The model is given as follows:
Where, k F represents the comprehensive index of the Kth subsystem, and ki λ is the weight of the comprehensive index of the Kth subsystem. ki U indicates the weight of the ith evaluation factor in the Kth subsystem. Meanwhile, k = 1, 2, 3 and 4, which represent tourism resource system, environment supporting system, tourism economic system and facility supporting system respectively.
2) Comprehensive evaluation of the sustainable development degree of tourism industry responding to the low-carbon economy.
Firstly, the score values of each evaluation factor were multiplied by their weight respectively to calculate the comprehensive evaluation values of the above four subsystems. Afterwards, the linear weighting was utilized to make the comprehensive evaluation values of the four subsystems times their own weights in the overall system. By doing so, the comprehensive evaluation value of the sustainable development degree of tourism industry responding to the low-carbon economy can be obtained. The model is expressed as follows:
Where, Y is the comprehensive evaluation value of the sustainable development degree of tourism industry responding to the low-carbon economy, and k I indicates the evaluation value of the kth index.
k R denotes the weight of the kth index, and i W signifies the weight of the ith subsystem on the overall target hierarchy.
3) Grading standard The sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan was graded according to the evaluation value with a grading interval of 0.2, and 5 grades were obtained in total. The comprehensive evaluation values in ranges of 0~0.2, 0.2~0.4, 0.4~0.6, 0.6~0.8 and 0.8~1.0 indicate the unsustainable development stage, enlightenment, primary, medium and advanced stages of sustainable development respectively. This clearly exhibits the sustainable development state of tourism industry responding to the low-carbon economy, and can help people understand the focuses of development strategy at different stages.
III Results and Analysis
Based on the above methods, the sustainable development degree of the regional tourism in western Hunan including governed cities (autonomous prefectures) were evaluated, and the results are shown in Tables 2-5. 
A. The long-term transition period
As discovered in Tables 2-5 , the overall development degree of tourism industry responding to the low-carbon economy in western Hunan is 0.596 in 2012, and therefore belongs to the medium stage of sustainable development. This indicates that its tourism industry has reached the medium-developed level. With abundant tourism resources and profound cultural connotation, western Hunan witnessed earlier development in tourism which reaches the medium-developed level in 2001 but it has remained at the same level so far. This is mainly because the tourism in western Hunan depends heavily on its natural attribute and historical heritages. Meanwhile, the tourism resource in western Hunan is mainly exhibited in forms of natural tourism resource and historical heritages, and its intrinsic features endow the tourism with a higher starting point for development. However, because of the insufficient exploitation on other resources and cultures in developing tourism, the sustainable development degree of the resource system persists in the range of 0.150~0.200 for a long time. The social and economic ecological environment of western Hunan has little support on the development of tourism as well. The education level of community, environmental awareness, innovation and application levels of low-carbon technology, and unit carbon emission level of tourism income are particularly far lower than the standards of advanced degree of sustainable development. Meanwhile, the sustainable development degree of the environment supporting system varies from 0.140 to 0.200 for a long period of time. Similarly, the sustainable development degrees of tourism economic system and facility supporting system in this area are also at the medium level of sustainable development in long term. The former is at the medium level of sustainable development during 2002~2010, while the latter is from 2002 to 2009, which demonstrates that such condition remains to be improved.
B. Long period of slow development
Although the sustainable development degree of the regional tourism in western Hunan shows a rising tendency from 2001 to 2012 (except 2003 and 2008) , the growth speed is slow. The sustainable development degrees are respectively 0.413 and 0.596 in 2001 and 2012, and both belong to the medium level, which indicate a slow growth. Among its four subsystems, the sustainable development degree of tourism resource system exhibits a particularly slow growth speed with an average annual growth of 0.28%. This reveals the undue dependence of the tourism resource system in western Hunan on its intrinsic resources, and that the follow-up improvement is required to be intensified. As to the two cities and an autonomous prefecture in western Hunan, the sustainable development degree of tourism in Huaihua shows the slowest growth. Its sustainable development degrees are respectively 0.391 and 0.564 in 2001 and 2012, which had unapparent improvement effect. From the perspective of the system, the sustainable development degree of regional tourism represents the order degree of the internal factors and the efficiency of internal-external energy exchange. The slow growth of sustainable development and inefficient improvement on safety warning degree in the tourism industry of western Hunan suggest a poor improvement effect on the orderliness of the internal development factors. It also reveals the low efficiency of internal-external energy exchange, as well as slow growth of the relaxation variable within the system.
C. Unbalanced development for a long time
The sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan shows an unbalanced growth for a long period of time. Among the two cities and an autonomous prefecture in western Hunan, the sustainable development degree of the tourism system is relatively high in Zhangjiajie. From 2001 to 2012, it is at the relatively advanced and medium degrees of sustainable development for respectively 9 years and 2 years, and merely one year belongs to the primary stage of sustainable development, namely, 2013. Based on the favorable social and natural environment and facility supporting system, the sustainable development degree of tourism in Huaihua is generally better than that in Xiangxi autonomous prefecture from 2001 to 2004. Since 2005, abundant tourism resource has been developed systematically in Xiangxi autonomous prefecture, and its social and natural environment, tourism economic and facility supporting systems have also been preferably improved. Consequently, its sustainable development degree overtakes that of Huaihua. In addition, the long-term imbalance is also found in the sustainable development degrees of the four subsystems of the tourism system in western Hunan. The tourism resource system in western Hunan exhibits a high sustainable development degree on the whole, which exceeds the medium level during 2001~2012 and reaches the advanced development stage in 2010 particularly. Besides, the sustainable development degree of tourism resource system develops steadily in this area, with 0.150 and 0.173 respectively in 2001 and 2012, at an annual growth rate of merely 1.27% in average. However, this sustainable development degree also shows an increasingly tendency without obvious decrease in times of crisis in 2003, 2007, 2008 and 2009 , which demonstrates that it is hardly influenced by the crises from society, economy and disease. The sustainable development degrees of the system environment, tourism economy and facility supporting system of tourism in this area develop faster than that of tourism resource system. Taking the tourism facility system for example, it demonstrates the fastest growth of the sustainable development degree, with 0.042 and 0.065 respectively in 2001 and 2012, growing at 4.6 % annually in average. The tourism economic system exhibits the greatest fluctuation compared to the other three subsystems, which can be demonstrated by the two typical decreases in the SARS prevailing period of 2003 and the global financial crisis from 2007 to 2009. This indicates that the tourism economic system is most likely to be affected by external factors such as society, economy and disease.
Among the tourism resource systems of the two cities and an autonomous prefecture in western Hunan, Zhangjiajie exhibits the highest development degree, and basically at the advanced level of sustainable development except in 2001 and 2003. Huaihua is characterized by the lowest development degree and growth speed, with its annual growth rate for merely 0.88% during 2001~2012. The primary reason for the relatively low sustainable development degree in Huaihua is the lack of feature and brand in tourism resource system, and the poor order degree of space. As to the subsystems of the tourism industry facilities in these three regions, the sustainable development degree in Huaihua is the highest. Although the development degree in Xiangxi autonomous prefecture is the lowest, it grows fastest with the average annual growth rate of 6.9%. It can be seen that Xiangxi autonomous prefecture attaches great importance to the construction of the facility system of tourism, and the construction effect is turned out to be satisfied with a virtuous promotion of the security. With respect to the environment supporting systems in the three regions of western Hunan, Xiangxi autonomous prefecture has the lowest sustainable development degree. However, its growth speed is the fastest at the annual growth rate of 3.58% in average. When it comes to the tourism economic systems in the three regions, Zhangjiajie demonstrates the highest level of sustainable development degree. However, the sustainable development degree of Huaihua grows fastest. Although its sustainable development degree reaches 0.064 in 2001, it overtakes that of Xiangxi autonomous prefecture in 2005. Meanwhile, the sustainable development degree of Huaihua is 0.085 in 2012 at the annual growth rate of 2.71% in average.
IV Conclusion
The evaluation index system containing four aspects such as tourism resource, environment supporting, tourism economic, and facility supporting systems was established in the paper using the literature and experts consultation methods. Meanwhile, the hierarchically accumulation from bottom to top was utilized to evaluate the sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan, and the evaluation results were proved to be objective and credible. Besides, it was concluded that the sustainable development degree of tourism industry responding to the low-carbon economy in western Hunan belonged to the medium level of development for a long period of time at a slow growth speed. This indicated a slow recovery on safety alarm in developing tourism industry responding to the low-carbon economy in western Hunan, and poor improvement effect on the orderliness of internal development factors. Meanwhile, it suggested an inefficient internal-external energy exchange and slow growth of the relaxation variable within the system.
